Sewage sludge ash (SSA) was created by burning municipal sludge. The potential of clay containing 1 or 3 or 5% SSA was assessed for use as a landfill liner-soil material. Batch adsorption, low temperature N 2 adsorption, and TG-DTA tests were performed to evaluate the adsorption capacity, micropore structure, thermostability, and components of soils under Cr(VI) and Pb(II) chemical solutions.
Introduction
Leachate from solid-waste landfills was found to contain a number of heavy metal ions. These heavy metal ions may enter the aquifer underlying the landfill and thereby pose a potential threat to human health [1] [2] [3] . To prevent the transport of contaminants present in the leachate, the liner system composed of the compacted clay is widely applied to design of the landfill [4] . However, many heavy metal ions can pollute groundwater by diffusion through a block liner. Hence, there is a crucial need for the development of a new landfill liner that can effectively prevent the transport of heavy metal ions [5, 6] .
Sewage sludge is the inevitable by-product of sewage deposition. Currently, the global annual output of wet sewage [7] is 2.241 × 10 −7 t. Wet sewage is usually disposed by concentrate dewatering and then stored in security landfills. In addition to a few organic substances, wet sewage contains inorganic substances [8] [9] [10] that are rich in silicon and aluminum. Studies show that dewatered sludge can be transformed into granular ash after high temperature burning. Granular ash is a porous material [11] [12] [13] with a high specific surface area and ion-exchange capacity. Granular ash is considered a mineral admixture, which enhances the mechanical properties of concrete. Granular ash mixed with clay can be used as a modified landfill liner material that can absorb pollutants in leachate. However, studies have not been conducted on this material.
This study aims to evaluate the adsorption capacity, pore structure, and phase composition of modified clay as new landfill liner material. Batch adsorption tests were used to explore the adsorption capacity of Cr(VI) and Pb(II) to the modified clay and decide the additive amount of sewage sludge ash (SSA). Low temperature N 2 adsorption tests were used to analyze pore structure of the modified clay. TG-DTA tests were performed to explore the thermostability and components of the modified clay.
Testing Materials and Methods

Testing Materials.
The clay and sewage sludge used in the tests are obtained from a construction site and the Hanxi sewage treatment plant in Wuhan, China, respectively. Clay was dug from a depth of 2.5∼3.0 m. The soil was kept in a sealed bag to avoid contamination. The basic physical properties of the clay are listed in Table 1 , and the chemical compositions of the clay are listed in Table 2 . This type of 2 Advances in Materials Science and Engineering Table 3 . Sewage sludge was kept in a thermostatic temperature dry box at 105 ∘ C for 24 h. After 24 hours, the sewage sludge was weighed every 2 hours. The weighing of the samples was continued until the quality difference is less than 0.1% of the total quality. At that time, the samples can be considered to be completely free of water. The samples were broken into pieces and sieved through a 2-mesh screen. Thereafter, the samples were placed in the muffle furnace. The burning temperature was set at 850 ∘ C. The samples were stirred every 24 hours to achieve even heating [14] . After 1 week, the samples turned into grainy red brown ash. The red brown ash was sieved through a 200-mesh screen and then hermetically sealed for later use. The chemical constituents of sewage sludge ash (SSA) are listed in Table 4 . The microstructure, pore volume, and pore size distribution of SSA are shown in Figures 1 and 2 . These figures show that the SSA is porous and that every relic has a small volume. The pore volume distribution of SSA is uniform, with a high proportion of 2 nm to 4 nm pores.
Testing Methods
Batch Adsorption Tests.
The modified clay was composed of 1% SSA plus 99% clay or 3% SSA plus 97% clay or 5% SSA plus 95% clay. Dry soil samples of 12.5 g were soaked in 50 mL K 2 Cr 2 O 7 and PbCl 2 chemical solutions, respectively. The initial Cr(VI) and Pb(II) concentration was 0-300 mg/L. After stirring evenly, the mixture was placed in a water bath instrument under a temperature of 25 ∘ C. The concentration of Cr(VI) and Pb(II) in the suspension solution after centrifugation was measured by spectrophotometry (Shanghai Third Analytical Instruments Factory) according to GB 7467-87 DPC. The error of the colorimetric measurements was less than 4%. Each batch test was repeated three times.
The concentration of heavy metal ions adsorbed on the soil was calculated from the mass balance:
where is the amount of Cr(VI) and Pb(II) adsorbed onto the soil samples, 0 is the initial concentration of Cr(VI) and Pb(II), is equilibrium aqueous concentration of Cr(VI) and Pb(II), is the volume of the aqueous phase, and is the weight of the soil samples.
The Low Temperature N 2 Adsorption Tests.
Modified clay containing 3% SSA polluted by 0, 100, and 250 mg/L of Cr(VI) and Pb(II) solutions was used in this test. The samples of 0.2 g were used in the low temperature N 2 adsorption tests. The JW-BK static N 2 adsorption instrument was used to test the pore structure of the sample. The absorbing medium of the test was 99.99% N 2 , and the sample was kept at liquid nitrogen saturation temperature. The relative pressure / 0 ranged from 0.01 to 0.995. The sample was adsorbed and desorbed isothermally at 22 pressure points. The specific surface area, the pore volume, and pore size distribution of samples were calculated according to the standard BET method [15] . 
TG-DTA Tests.
The samples were the same to the low temperature N 2 adsorption tests. Thermal gravimetric and differential thermal analyzer (Beijing Henven Scientific Instrument Factory) was used to test the endothermicexothermic reaction, thermostability, and components of the sample. The temperature range of the thermal analyzer was 0∼1000 ∘ C and the heating rate was controlled at 10 ∘ C/min.
Results and Discussion
Absorption Capacity. The adsorption isotherm for Cr(VI)
and Pb(II) with modified clay are shown in Figures 3 and 4 , and all adsorptions belong to the Langmuir isotherm model. The adsorption of Cr(VI) and Pb(II) onto the soil specimens was modeled as a Langmuir isotherm [16] . The values of the isotherm parameters are given in Table 5 . With the content of SSA increasing from 0% to 3%, the adsorption capacity of Cr(VI) and Pb(II) to the modified clay increases dramatically. But when the content of SSA increased from 3% to 5%, the adsorption capacity shows a slow increase tendency. At 0 being 250 mg/L, the adsorption of Cr(VI) and Pb(II) to modified clay containing 3% SSA is 392.25 and 602.04 mg/kg; these values were 2.30 or 1.88 times greater than that of the raw clay, respectively. SSA has loose structure and large porosity or specific surface area [17] . Hence, ionic charge can be adsorbed on the surface of SSA debris in the adsorption process. A large number of metal ions absorbed to the surface of the debris, resulting in a positive charge presented in debris. The heavy metal ion adsorption capacity of the debris gradually decreases under the action of Coulomb repulsion.
Pore Structure.
The adsorption and desorption isotherm of the samples are shown in Figure 5 . According to IUPAC classification, the isotherm is IV category. There is a H 3 hysteresis loop in the process of adsorption and desorption [18] . The bottle shaped pore of the soil is rough, and absorbed N 2 can be easily blocked in the orifice. Thus, N 2 cannot overflow completely in the desorption process [19] . The pore volume and pore size distribution of modified clay are shown in Figures 6-8 . The pore distribution of modified clay is mostly in the range of mesoporous pore size (2∼8 nm) [20] . In the 2.5∼3.5 nm range, the peak value of the mesopore is relatively large. After Pb(II) and Cr(VI) being absorbed by the samples, the proportion of the mesopore (2∼2.5 nm) increases, and the number of mesopore (>3.5 nm) decreased. At the same time, the double peak phenomenon occurs.
The pore parameter of samples can be seen at Table 6 . The relation between the pore parameter and adsorption capacity of Pb(II) and Cr(VI) can be seen in Figure 9 . The total pore volume dramatically decreased to stable values with increasing adsorption capacity. The specific surface area shows the opposite trend. Ions will be closely packed on the inner wall of pore in the adsorption process, resulting in increasing of the inner wall surface roughness and decreasing the total pore volume. 
Thermostability and Components.
The DTG-T curves of samples are shown in Figure 10 . The weight loss of the samples is shown in Table 7 . Due to the removal of free water and weakly bound water in samples, there is an obvious weight loss valley at 25∼250 ∘ C. Another weight loss valley appears at 400∼700
∘ C owing to the reduction reaction of metal ions. The weight loss valley becomes obvious with the increasing of adsorption capacity of Cr(VI) and Pb(II) onto the samples. Metal ions need absorb heat to obtain electrons in the process of reduction reaction [21] . The valence of Cr(VI) and Pb(II) declines and they transformed into mental element. The maximum temperature is 1000 ∘ C in the test. The temperature did not reach the melting point of Cr or Pb element. Metal elements are closely attached to the soil particles. At 700∼ 1000 ∘ C, the material decomposition reaction is gradually completed, and the weight loss of samples is less than 0.2%.
The DTA-T curves of the samples are shown in Figure 11 . The endothermic valley and the exothermic peak are shown in the DTA-T curve. The absorption valley of the curve will appear, indicating the samples need absorb heat in a large endothermic valley will appear at 25∼250 ∘ C. Another endothermic valley occurs owing to reduction reaction of metal ions at 400∼700 ∘ C.
Conclusions
To evaluate the feasibility of modified clay containing SSA as a new landfill liner-soil material, the adsorption capacity of Cr(VI) and Pb(II) to modified clay was observed by the batch adsorption tests. The pore structure, thermostability, and components of the modified clay were observed by low temperature N 2 adsorption tests and TG-DTA tests. Based on these experiments the following conclusions can be drawn:
(1) The adsorption capacity of Cr(VI) and Pb(II) onto modified clay containing SSA was more obvious than that of raw clay. The adsorption model is Langmuir isotherm.
(2) The adsorption and desorption isotherms of modified clay polluted by Cr(VI) and Pb(II) belong to IV category, and an H 3 hysteresis loop exists. The pores of the samples are mainly composed of the mesopore (2∼8 nm). With the increasing of adsorption capacity, the pore volume dramatically decreases to certain value, and the specific surface area increases.
(3) Due to the removal of free water or weakly bound water and the reduction reaction of metal ions, the DTG-T or DTA-T curves of the samples show two obvious weight loss or endothermic valley at 25∼ 250 ∘ C and 400∼700 ∘ C, respectively.
